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1

THERMAL PROCESSOR

The present invention relates to an apparatus for
uniformly heating strip material, such as a film being
developed by heat, as 1t passes along a path.

For background, the reader is referred to U.S. Pat.
Nos. 4,198,145 and 4,148,575 and copending U.S. appli-
cation Ser. No. 790,662, entitled “Apparatus for Devel-
oping Photographic Images on an Emulsion Coated
Film,” filed Apr. 25, 1977 by Richard David Scott, all
assigned to the same assignee as the present application,
now U.S. Pat. No. 4,293,212. U.S. Pat. No. 4,148,575 is
incorporated by reference herein.

The present invention is particularly useful in a ther-
mal processor for developing a strip of photographic
film by heat. The film development is carried out by
heating the film with a hot gas, such as hot air, which

also supports the film as described, for example, in the
aforementioned U.S. Pat. No. 4,148,575. In this pa-

tented system, the gas passes through a porous distribu-
tion means, such as one formed of porous graphite or
ceramic, which is heated by elements next to the distri-
bution means. This system provides highly satisfactory
performance in many applications. However, it has
been found that uneven heating of the film can occur
during the transfer of the gas from the distribution
means to the film as discussed later. For some applica-
tions, this reduces the quality of the developed film as
will be discussed below, to a level lower than desired.

In apparatus embodying the invention, heated gas i1s
applied to a strip of film as it travels along the length
dimension of a path. To obtain more uniform heating of
the film and to thereby reduce density variations in the
developed film, the means for distributing the gas 1s
heated not only over the width of the film but also
beyond the edges of the film. The means for heating the
gas slightly beyond the edges of the film is separately
controllable relative to the means for heating the film
over its width.

In the drawing:

FIG. 1 1s a schematic drawing of a photographic film
developing apparatus embodying the present invention;

FIG. 2 is a fragmentary side elevation of a photo-
graphic film utilized in the apparatus of FIG. 1;

FIG. 3 i1s a fragmentary partially-sectioned plan view
of the thermal processor embodying the present inven-
tion;

FIG. 4 is a sectional side elevational view of the

apparatus of FIG. 3 taken along lines 4—4;
FIG. § 1s a plan view taken along lines 5—35 of FIG.
4;
FIG. 6 1s an elevation sectional view taken along lines
6—6 of FIG. 4; and
FIG. 7 1s a graph useful in explaining the invention.
In FIG. 1 a photographic film 12 is fed from a supply
cassette 14 into a film development apparatus 10 such as

described in the above-identified application. Film 12

passes through a pair of drive rollers 16 which convey
film 12 through apparatus 10. Film 12, photothermally
sensitized as will be described subsequently, passes
through a light source 18, preferably a confined laser
beam. During the exposure to light from source 18, a
latent image is recorded on film 12. The exposed film
then passes through a suitable heat source within ther-
mal processor 20, to develop a fixed photographic on
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the film. The thermal processor, to be described in de-

taill below, may be used in any photographic system

2

which utilizes heat-processing for image development
and which does not require application of external lig-
uid developing agents. The image may be visually dis-
played on an optical display 22. The logic employed in
the laser beam recorder determines whether a positive
or a negative image will be developed and displayed.

‘The photographic fiilm 12, shown in FIG. 2, com-
prises a layer 24 of light sensitive and heat developable
emulsion coated on a suitable base 26. Emulsion 24 may
be a dry silver material comprising an oxidizing agent,
such as a heavy metal salt, a reducing agent, and a pho-
tosensitive component such as photosensitive silver
halide which serves as a catalyst for oxidation-reduction
image forming combination comprising (1) silver behen-
ate and/or silver stearate with (ii) a reducing agent,
such as bis-beta-naphthol and photosensitive silver hal-
ide. Other suitable image producing emulsions may be
used instead.

Emulsion 24 can be coated on a base 26 of a wide
variety of materials according to usual practice. Typical
base materials for photographic film include glass,
metal, paper cellulose, triacetate, polyethylene tere-
phthalate and film bases having high heat distortion
temperatures suitable for providing a film support for
heat-fixing image development.

In FIGS. 3 and 4, which illustrate details of the ther-
mal processor 20, planar porous members 30 and 34 are
mounted to housings 32 and 36, respectively, the film 12
passing through a gap 38 between these members. The
porous members 30 and 34 comprise sheets of homoge-
neous porous material, preferably graphite or ceramic
material. Member 30 and housing 32 are mirror images
of member 34 and housing 36. The housing 32 contains
a plurality of heating modules 44, 46, 48 and so forth.
Each of the heating modules 44-48 is mounted on po-
rous member 30 and each of the heating modules 44’48’
is mounted in complementary fashton to member 34.

A typical module 46 i1s described in more detail in
U.S. Pat. No. 4,148,575 mentioned above. The remain-
ing modules are identical to module 46. Any number of
modules may be mounted in housing 32 extending along
the length of the path of the film 12 which travels in the
direction 50. Film 12 is uniformly spaced from the mem-
bers 30 and 34 with the emulsion side facing one of the
members, for example, member 30, across a. path width
in a direction normal to direction 50.

In FIGS. 3 and 4, each of modules 44, 46, and 48, and
sO on is connected in gas communication with its corre-
sponding inlet ducts 52, 54, 56 and so forth. The gas,
which 1s pressurized air, 1s provided to inlet ducts 52,
54, 56 via distribution plenum cap 58 from blower 60.
Cap 58 is a hollow housing form a plenum chamber in
gas communication with each of the inlet ducts 52-56.
Mounted in each of the ducts 52, 54, 56 and so forth are
corresponding heaters 61 which are electrically con-
nected for preheating air supplied to the ducts. Blower
60 provides pressurized air to each of modules 44, 46,
and 48 via the ducts.

The air 1s supplied under pressure to the porous mem-
ber 30 via the modules 44, 46, and 48. Member 30 is
heated by the modules 44-48. The preheated air passing
through the pores of the member 30 is additionally
heated by the member 30 to a temperature sufficiently
high to develop the latent image on film 12. The air
provided by blower 60 is pressurized so that film 12 1s
supported by the flow of the air passing through the
pores of members 30 and 34. This forms a gas bearing
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for the film such that the film does not directly contact
either the members 30 or 34 as it travels in direction 50.

Module 46 includes a chamber 62 which is rectangu-
lar in cross-section and extends along the width of hous-
ing 32. Chamber 62 is in gas communication with duct
54 by a centrally vertically disposed duct. Chamber 62
1S In gas communication with the porous member 30.
Mounted in thermal conductive contact with the porous
member 30 1s slotted heat transfer plate 64 as described
in U.S. Pat. No. 4,148,575.

A heater 76 is in thermal contact with the upper
surface of the plate as described in U.S. Pat. No.
4,148,575. Mounted above the heater is a centrally lo-
cated thermistor for providing suitable temperature
control of the plate. A slotted resilient member (not
shown) made of sponge rubber or other resilient mate-
rial is mounted above and in contact with the heater to
squeeze the heater and the plate against member 30. A
pressure plate (not shown) is disposed directly above
the member 80 for applying resilient pressure to the
plate. All of the above elements are described in more
detail in U.S. Pat. No. 4,148,575.

Each of the modules 44, 46 and so on extending along
the length of gap 38 is individually thermally controlla-
ble for applying heat to the air at that respective mod-
ule. That is, each of the heater elements (not shown) in
each module has a separate control (not shown) for
turning that heater on or off independent of the on or
off state of the next adjacent module. However, the
mirror image modules, for example, modules 44', FIG.
4, associated with module 44, module 46’ associated
with module 46, and module 48’ associated with module
48 are operated together as a pair and are either on or
off as a pair. A thermistor is in direct contact with the
heater element thus assuring that the thermal response
time is well within the bandwidth of the temperature
controller (not shown). Bandwidth is defined as that

temperature range at the temperature sensor causing the

controller to change the average power in the heater
from O to 100%. The number of pairs of modules in
operation and the speed of the film determine the time
duration the film is heated as it passes through the mod-
ule sets. The processing temperature is determined by
the film characteristics and film speed. Thus, a wide
variety of films may be handled by a single thermal
processor 20. |

A problem with the system described so far is that it
has been discovered that the optical density (ability to
transmit light) of the developed film is not as uniform as
desired for certain applications. The optical density for
film processed by the processor just described is shown
in FIG. 7. If the zero axis is considered the film center
and the edge of the film (normal to direction 50, FIG. 3)
i1s located at the position as shown, the optical density
varies as shown by curve d. If the density of a film
uniformly exposed to a given light intensity is devel-
oped, it may have a density of about 1, corresponding to
a transparent condition, assuming the light is perfectly
untform and the film has a controlled emulsion unifor-
mity. The system described above exhibits a density
variation of about 0.1 at the film edges as seen in FIG:
7 which 1s exaggerated for illustration. Employing a
contact. thermal developer in which a heated roller is in
conductive thermal contact with the film, the reported
density variation i1s about 0.05. These variations, espe-
cially for a gas system, are more than desired for certain
applications. Apparatus to be described is able to
achieve substantially negligible density variation across
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4
the film width, i.e., a density variation of about 0.02
which is otherwise not considered possible with present
thermal processors of the type described.

To achieve such a small variation in density the cause
of the density variation of 0.10 as shown in FIG. 7
should be understood. It is believed that this variation in
density 1s due to variations in heating the film. The film
is not heated uniformly as desired as a result of non-
uniform gas flow. These variations in gas flow are at-
tributed to geometric discontinuity at the proximity of
the edges of the film. As seen in FIG. 6, the gap 38’
adjacent the film 12 edge 70 is substantially greater than
the gaps 38" between the film 12 and the members 30
and 34. This sharp change in gap is believed to cause a
gas flow variation which affects the film temperature at
the film edges and thus affects the resultant density in
the developed film. It must be remembered that while
the members 30 and 34 are assumed uniformly heated by
the heater modules described above gas flow variations
around the film may affect the uniform heating of the
film to the degree desired.

To overcome this problem, in accordance with the
present invention, additional heater modules 72, 74
adjacent to film edge 70 are secured in respective mem-
bers 30 and 34 and modules 76 and 78 (not shown), FIG.
S, are secured to respective members 30, 34 adjacent to
film edge 80. The heater modules 72, 74, 76, and 78
extend the length of members 30, 34 in direction 50 and
are positioned just beyond the edges 70 and 80 of the
film, as shown in more detail in FIG. 6.

The modules 72, 74, 76, and 78 are identical except
for the thermistors and only one module will be de-
scribed in detail. Module 72, FIGS. 5 and 6, comprises
a foil heater 82 and a highly thermally conductive sheet
layer 84. Heater 82 is a heater element (foil resistor)
embedded 1n a thermoplastic sheet and is commercially
available. The sheet layer 84 may be a foil sheet of
copper, in one example. The layer 84 overlies the heater
82. The heater 82 and thermal conductive layer 84 are
both slightly recessed within member 30 to insure that
opposing modules, such as 72 and 74, do not contact
each other. Such recessing is desirable as the gap 38’ is
only about 8 mils thick.

In one example of the invention, module 72 is about 3
inch wide the film is about 9% inches wide, and the
members 30 and 34 are formed of graphite and are about
12 inches wide. The module 72 is spaced about % inch
from the edge of the film 12. The module 72 provides
additional heat to member 30 at an area adjacent edge
70, F1G. 6. The temperature of module 72 and member
30 at this area need not be, and in fact, usually is not the
same, as the remainder of member 30 in order to pro-
vide uniform density of the developed film. For this
reason module pairs 72, 74 and 76, 78 (not shown) have
temperature sensors and heater controls separate from
modules 44, 46, 48, etc. For example, thermistor 88 is
secured to heater 82 and a like thermistor 90 is secured
to the heater of module 76. The heater 82 and foil layer
84 of module 72 and of the remaining modules extend
beyond the region of member 30 as shown at 94, 94’ in
FIGS. 4 and §, an amount sufficient for the thermistors
to be secured to the heaters. The thermistors are in
intimate thermal contact with the respective members
30, 34 and the respective heaters. This thermal contact
minimizes thermal lag and the increase in response time.
In addition, the thermistors are beyond members 30 and
34 because there is insufficient room for the thermistors
inside the gap area between the porous members. In
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F1G. 4, both heater pairs and their thermistors are con-
nected to control 92. Control 92 sets the temperature of
module pairs (72, 74) and (76, 78) in accordance with
the measured density of the film. That is, the tempera-
ture of each of the module pairs is determined sepa-
rately empirically by observing the measured density of
the processed film. __ o |

A thermistor, designated T; in FIG. 3, 1s located
centrally of the processor to sense the temperature of
the heater of the central most one of modules 44, 46, 48,
etc. The film density 1s empirically established unmiform
to the desired degree as will be described. The tempera-
ture differences between thermistors 88 and 90 (FIG. 5)
shown at T, and T3, respectively, in FIG. 3, and the
cental thermistor T is then noted. These temperature
differences are then maintained by control 92, FIG. 4,
throughout the operation of the processor. For exam-
ple, if the temperature differential between T and T3
were 10° F. for a given temperature at Ty, and if the
differential between T and T3 were 7° F. for that tem-
perature at T, these temperature differentials are main-
tained constant regardless the absolute value of the
temperature at T} within its operating range, e.g., 210°
F. to 320° F. The temperature of the modules pairs (72,
74) and (76, 78) may be higher than that of the mdoules
44, 46, 48, and so forth. What is important is not so
much the uniformity of temperature of the porous mem-
bers but the effect of their temperature on the film de-
veloping process. To this extent, the heater modules
72-78 provide additional heat to the members 30-34 at
the edges of the film along the film path within the
processor to overcome apparent heat loss due to the
relatively large change 1n the gap 38’ as well as the
geometric discontinuities at the film edges.

In operation, the blower 60, FIG. 3, supplies pressur-
1ized air to the cap 58 which supplies pressurized air
through the ducts 52, 54, 56 and so forth to the respec-
tive modules 44-48. The air under pressure enters each
of chambers 62, passes through the chambers 62 enter-
ing the porous member 30 under pressure. The porous
member 30 is heated by modules 44-48 to the desired
temperature. The air under pressure as it passes through
the pores of the member 30 receives additional heat
from member 30. The air then exits the pores onto the
film 12 heating the film 12 and developing the latent
image thereon.

The optical density of a test film developed in the
processor 1s examined across its width at various points
along its length. If the density at the edges appears as
shown in FIG. 7, control 92 is operated to raise the
temperature of module pairs (72, 74) and (76, 78) which
can be controlled independently of each other as pairs
via their respective thermistors 88, 90. The tempera-
tures are adjusted until a uniform optical density is pro-
duced having a maximum variation of about 0.02. At
this time film to be developed is then processed.

Porous members 30 and 34 preferably are spaced
0.006 inches apart with a 0.004 inch thick film. The
pressure of the air supplied from blower 60 may be at
20-30 PSI. The pressure at the air gap 38 1s approxi-
mately 5-7.5 PSI under these conditions. The tempera-
ture of the porous members 30 and 34 is preferably
maintained at 210°-320° F.

The heater 82 of module 72 may be foil encapsulated
in 3 mil thick outer covering of thermoplastic material,
such as Kapton, a trademark of the Dupont Corpora-
tion; formed of a polyimide material. The outer plate
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6
layer 84 may be 0.020 inches thick. This provides tem-
perature uniformity across this module.

Blower 60 has provisions (not shown) for adjusting |
the flow rate of ambient air supplied to ducts. Porous
members 30 and 34 distribute air to both sides of the film
12, the air distribution being substantially uniform over
the surface of the film 12 adjacent to porous members.
Controlled air flow impinges upon the film 12 with
uniform distribution and after striking the film, the ex-
hausted air freely dissipates along the film 12.

Porous members 30 and 34 are positioned such that a
relatively small spacing preferably in the order of
0.001-0.002 inches 1s between members 30 and 34 and
film 12. For such a small spacing, the air heats film 12 by
conduction more than by convection.

By providing direct conductive thermal heat transfer
to the porous members 30 and 34 via modules 72-78 the
temperature of the air exiting onto the film 12 is more
accurately controlled. The porous members serve to
integrate the temperature as well as provide uniform
distribution of the air under pressure to the film 12.

Thermal processor 20 may be utilized 1n a film devel-
opment system which utilizes heat processing for image
development in which it does not require liquid devel-
oping agents. At present, black-and-white film is heat
developed in a “dry” heat development process and
may be used in the present invention. Color film is de-
veloped at present by *“‘wet” processes which require
the application of chemical agents for image fixation. It
should be understood, however, that the present inven-
tion is not limited to the processing of black-and-white
film but may be utilized with any photographic film
coated with a photothermally sensitized emulsion and
developed in the heated gas process.

What is claimed 1s: |

1. In a thermal processor for developing a length of
film by heating the same as it passes along a path of a -
given width in the direction of the length dimension of -
the path, said processor including thermally conductive
gas distribution means comprising a porous homogene-
ous material through the pores of which gas is distrib-
uted to the film over the width of the path, means for
supplying said gas to said distribution means, first heat-
ing means for heating said distribution means over said
width of said path adjacent said distribution means, the
improvement comprising:

- second heating means extending along the length
dimension of said path, thermally conductively
secured to the distribution means adjacent to and
beyond the edges of said film, when the film is
present in said path, for providing heat to said
distribution means at the edges of said path adja-
cent to the edges of the film, to thereby reduce
density variation in said film along the width di-
mension of the film. |

2. The thermal processor of claim 1 wherein said
second heating means includes two means for heating
thermally coupled to said distribution means at the re-
spective opposite edges of the film, each such heater

means comprising a thermally conductive sheet mem-

ber over a heater element, said element and sheet mem-
ber being on a surface of said distribution means facing
said path. |

3. The thermal processor of claim 2 wherein each
element and sheet member are secured recessed within
said distribution means.

4. The thermal processor of claim 1 wherein said
second heating means includes temperature sensing
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means thermally coupled to the second heating means
and control means responsive to the sensed temperature
for setting the temperature of said second heating means
independently of the setting of the temperature of said
first heating means. :

5. The thermal processor of claim 1 further including
a housing and gas preheat means in fluid communica-
tion with said housing for heating said gas prior to said
gas passing through said gas distribution means.

6. The thermal processor of claim 1 wherein said
porous gas distribution means includes materials se-
lected from the group consisting of ceramic and graph-
ite.

7. A thermal processor for gas heat development of a
photographic image in a strip of photographic film
continuously passing through the processor along the
length dimension of a path of a given width comprising:

thermally conductive gas distribution means compris-

ing porous homogeneous material whose pores
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8

distribute the gas through the material to said path
over said width;
and

means for thermally conductively heating said distri-
bution means including first means for conduc-
tively heating the distribution means at the edges of
the film along the length dimension of the film and
second means for conductively heating the distri- .
bution means centrally of the film to reduce density
variations in said developed image in said normal
directton.

8. The thermal processor of claim 7 further including
gas preheat means for preheating the gas prior to reach-
ing said distribution means, said first heater means being
thermally conductively secured to said porous distribu-
tion means within said path width on a side of said
distribution means facing away from said path, and said
second heater means being secured thermally conduc-
tively to said distribution means along the edges of and
beyond said path adjacent the length dimension of said

film on a side of distribution means facing said path.
| % - ¥ % %
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